Ingoldian fungi have a worldwide distribution, but the most species have been described from temperate regions. In Brazil, the studies of Ingoldian fungi started in the 1980's in the Atlantic Forest, the state of São Paulo. Later studies extended to other biomes such as the Cerrado, Caatinga and Amazon. The aim of this study is to improve our understanding of the occurrence and distribution of Ingoldian fungi in Brazil. Here, we include and discuss several new records for Brazil associated with submerged leaves of Calophyllum brasiliense and provide a checklist, a key and illustrations for all species of the Ingoldian fungi recorded from Brazil, as well as distribution maps. Flagellospora stricta is a new record to the Americas; Dendrosporomyces prolifer and Geniculospora inflata to the Neotropics; Pyramidospora casuarinae and Triscelophorus monosporus are new records to the Caatinga. With the new additions of species associated with submerged leaves of C. brasiliense, a total of 85 taxa of Ingoldian fungi are now recorded in Brazil. Nineteen taxa are reported from the Amazon, 53 from the Atlantic Forest, 39 from the Caatinga and 21 from the Cerrado.
Introduction
Ingoldian fungi are asexual stages of ascomycetes or basidiomycetes (Shearer et al. 2007) adapted to aquatic environments. They are identified mainly based on the morphological features of conidia that are often quite unique: branched, sigmoid, tetraradiate, or multiradiate. Earlier studies based on anamorph-teleomorph connections (Webster 1992 ) and more recent molecular data (Belliveau & Bärlocher 2005 , Baschien et al. 2006 have shown that Ingoldian fungi are polyphyletic. The majority of species analyzed have affinity with the Leotiomycetes (Helotiales), while some species are closely related to Dothideomycetes (Dothideales and Pleosporales), Orbiliomycetes (Orbiliales) or Sordariomycetes (Hypocreales) (Belliveau & Bärlocher 2005 , Baschien et al. 2006 , Campbell et al. 2009 , Shearer et al. 2014 ; very few species are of basidiomycetous affinity. Ingoldian fungi have worldwide distribution (Jones & Pang 2012) but the highest number of species has been described from temperate regions (Silva & Briedis 2011) .
Aquatic fungi are essential in the decomposition of submerged plant litter and are the key players in aquatic ecosystems facilitating the transfer of energy and nutrients to higher tropic levels (Gessner et al. 2007 ). Ingoldian fungi demonstrate the production of a wide variety of enzymes with cellulolytic, pectinolytic and proteolytic activity (Shearer 1992) . Some of these fungi have been also reported to produce antimicrobial secondary metabolites (Gulis & Stephanovich 1999 , Arya & Sati 2011 (De Wildeman 1893 , 1894 , 1895 . The group received more attention in 1942, with the Ingold's study that named the group "aquatic hyphomycetes" and listed 16 species, seven new genera, 11 new species and two new combinations (Ingold 1942) . C.T. Ingold collected and published extensively on the Ingoldian fungi from temperate and tropical regions and inspired more interest in this group (Ingold 1949 , 1958a , 1959 , Hudson & Ingold 1960 . Nilsson (1962a) began the studies of Ingoldian fungi in South America collecting from rivers in Venezuela and described two new genera: Angulospora Sv. Nilsson (1962: 354) and Pyramidospora Sv. Nilsson (1962: 358) . Later reports came from Argentina, Brazil, Chile, Colombia, Ecuador, Peru and Venezuela (Gamundi et al. 1977 , Burgos & Riffart 1982 , Schoenlein-Crusius & Milanez 1989 , Matsushima 1993 , Luna-Fontalvo 2009 , Silva & Briedis 2016 . Matsushima (1993) described a new species, Triscelophorus curviramifer Matsush. (1993: 70) and proposed a new combination T. deficiens (Matsush.) Matsush. (1993: 70) from Peru.
In Brazil, the studies of Ingoldian fungi started in the 1980's on submerged leaves of Ficus microcarpa L.f. (1782: 442) in the Atlantic Forest, the state of São Paulo (Schoenlein-Crusius & Milanez 1989) . Later studies extended to other biomes such as the Cerrado, Caatinga and Amazon (Schoenlein-Crusius 2002 , Fiuza & Gusmão 2013a , Fiuza et al. 2015 . Schoenlein-Crusius & Grandi (2003) reviewed the diversity of aquatic hyphomycetes in South America and reported 31 taxa of Ingoldian fungi from Brazil.
The aim of this study is to improve our understanding of the occurrence and distribution of Ingoldian fungi in Brazil. Here, we include and discuss several new records for Brazil associated with submerged leaves of Calophyllum brasiliense Cambess. in Saint-Hilaire (1825: 320) and provide a checklist, a key and illustrations for all species of the Ingoldian fungi recorded from Brazil, as well as distribution maps.
Materials and Methods

Study area
From November 2013 to January 2015, we made eight expeditions to "Serra da Tromba", located in the Chapada Diamantina, a semiarid region in northeastern Brazil. Submerged leaves of C. brasiliense were collected from three streams in the Contas river basin after several weeks of decomposition in litter bags. The samples were taken to the Laboratory of Mycology (LAMIC) in plastic bags, and processed according to Castañeda Ruiz et al. (2016) and Bärlocher (2005) .
Sampling methods
Castañeda Ruiz et al. (2016) : The samples were washed and placed in Petri dishes (moist chambers) incubated in a polystyrene box with sterile water plus glycerol for 30 days. Fungal structures were mounted on slides with lactic acid and sealed with nail polish. Some fungi were also isolated into pure culture. Bärlocher (2005) : Leaf samples were washed and 12-mm diam discs cut with a cork borer. The discs were incubated for 48 hours at 18-20ºC on a shaker (100rpm) in 100-mL Erlenmeyer flasks containing 30 mL of sterile distilled water to induce sporulation. The spore suspensions were filtered through membrane filters (5 µm pore size), and the filters were then mounted on slides with cotton blue in lactic acid. The leaf discs were also mounted on slides and examined under compound microscope. The specimens are deposited in the Herbarium of "Universidade Estadual de Feira de Santana" (HUEFS).
Venn diagram showing the distribution of Ingoldian fungi among different biomes was made using software available at Bioinformatics & Evolutionary Genomics (2016) 
Results
In the present study in the Caatinga, we found 15 taxa of Ingoldian fungi from 12 genera (Table 1 ) associated with submerged leaves of Calophyllum brasiliense. Flagellospora stricta Sv. Nilsson (1962b:82 ) is a new record to the Americas; Dendrosporomyces prolifer Nawawi, J. Webster & R.A. Davey (1977: 59) and Geniculospora inflata (Ingold) Sv. Nilsson ex Marvanová & Sv. Nilsson (1971: 532) to the Neotropics; Pyramidospora casuarinae Sv. Nilsson (1962a: 359) and Triscelophorus monosporus Ingold (1943: 152) are new records to the Caatinga. All new records are discussed in details in the Taxonomy section below.
With these additions, a total of 85 taxa of Ingoldian fungi are now reported from Brazil (Table 2) . Of those, 19 taxa are known from the Amazon, 53 from the Atlantic Forest, 39 from the Caatinga and 21 from the Cerrado (Fig. 1) . All species of Ingoldian fungi that has been found in Brazil are illustrated in Figs. 2-7. In addition, a key to all taxa and maps showing study sites and distribution are provided . Milanez (1990a Milanez ( , 1990b , SchoenleinCrusius et al. (2009 SchoenleinCrusius et al. ( , 2014 SchoenleinCrusius et al. ( , 2015a SchoenleinCrusius et al. ( , 2015b SchoenleinCrusius et al. ( , 2016 Ingold ( Conidiophores not observed. Conidia hyaline, consisting of cylindrical, curved main axis with 7-10 primary branches. Main axis not constricted at septa, 14-20 septate, 150-440 × 7-10 µm; primary branches cylindrical, 4-17 septate, 198-335 × 8-10 µm, constricted at base, rounded at the apex; secondary branches cylindrical, 3-13 septate, 62-323 × 8-10 µm; branches constricted at base, rounded at the apex.
Geographical distribution:-India ; Malaysia (Nawawi et al. 1977) ; USA (V. Gulis, unpublished). Notes:-Dendrosporomyces is composed by two species: D. prolifer (type species) and D. splendens (Nawawi) Nawawi & J. Webster (Nawawi & Webster 1982) . The genus is characterized by holoblastic, branched, hyaline conidia, consisting of a main axis bearing primary and secondary branches (Nawawi et al. 1977) and dolipore septa (Nawawi 1985a) . Dendrosporomyces prolifer differs from D. splendens by having somewhat smaller, profusely branched conidia (Marvanová 1997) . Dendrosporomyces splendens has been previously reported from Brazil on submerged leaves of Euterpe edulis Mart. (1824: 33) and Alchornea triplinervia (Spreng.) Mull. Arg. in Candolle (1866: 909) from the Atlantic Forest, the state of São Paulo (Grandi 1998 (Grandi , 1999 . It is the first record of D. prolifer from Brazil. Geographical distribution:-Poland (Orłowska et al. 2004) ; Sweden (Nilsson 1962b (Nilsson , 1964 . Notes:-Flagellospora stricta is distinguished from other species of Flagellospora by having straight conidia (Nilsson 1962b) . In Brazil, one species of Flagellospora-F. curvula (Ingold 1942: 404) -has been recorded from the Atlantic Forest on mixed submerged leaves (Schoenlein-Crusius et al. 2009) , from the Caatinga in foam (Fiuza & Gusmão 2013a) and from the Amazon in foam (Fiuza et al. 2015) . It is the first record of Flagellospora stricta for the Americas. Conidiophores simple, septate, hyaline, 40-45 × 3-5 µm. Conidia tetraradiate, hyaline, consisting of a cylindrical geniculate main axis and 2 lateral branches attached at the point of main axis inflection. Main axis 108-176 × 4.5-5 µm, somewhat inflated at the point of branch attachment, branches slightly constricted at base, 70-131 × 4.5-6 µm, elements septate.
Flagellospora stricta
Geniculospora inflata
Geographical distribution:-Austria (Marvanová & Gulis 2000) ; Canada (Sokolski et al. 2006) ; England (Ingold 1944) ; França (Fabre 1998) ; Greenland (Engblom et al. 1986 ); Hungary (Gönczöl & Révay 2011) ; India ; Pakistan (Iqbal 1997) ; Portugal (Pascoal et al. 2005) ; Spain (Casado et al. 2015) ; USA (Suberkropp & Wallace 1992) .
Notes:-Geniculospora is represented by two well known species: G. grandis Greath. ex Nolan (1972 Nolan ( : 1173 and G. inflata (type species). G. intermedia (R.H. Petersen) Sv. Nilsson ex Marvanová & Sv. Nilsson (1971: 532) (Nolan 1972 ) is probably conspecific with G. inflata. The genus is characterized by hyaline, tetraradiate conidia with characteristically geniculate main axis, from the middle of which two other branches arise at the same level (Nilsson 1964) . Geniculospora grandis displays nearly concurrent development of 3 elements, so the conidium can be interpreted as having 3 terminal arms originating from a relatively short stalk (main axis); conidia of G. grandis are also considerably larger than in G. inflata (Greathead 1961) . Geniculospora inflata is a new record to the Neotropics. (Jabiol et al. 2013) ; India ; Italy (Rodino et al. 2003) ; Pakistan (Bareen & Iqbal 1994) ; Poland (Czeczuga et al. 2007 ); Puerto Rico (Caballero 1983) ; Sweden (Nilsson 1964) ; Venezuela (Nilsson 1962a ). Notes:-Pyramidospora was erected with P. casuarinae as a type species, and it currently comprises nine species (Oliveira et al. 2015) . Pyramidospora casuarinae is easily distinguished from other species of the genus by conidia having a pyramidal shape, 3-4 cells produced as outgrowths from the original basal cell and from the top cell (Nilsson 1962a (Oliveira et al. 2015) . Pyramidospora casuarinae is a new record to the Caatinga. Ingold, Trans. Br. Mycol. Soc. 26:152, 1943 . (Fig. 7H) Material examined:-BRAZIL. Bahia: Piatã, Chapada Diamantina, on submerged leaves of Calophyllum brasiliense (Calophyllaceae), 10 July 2014, P.O. Fiuza s.n (HUEFS 215907).
Pyramidospora casuarinae
Triscelophorus monosporus
Conidia tetraradiate, hyaline, comprised by the main axis and three branches attached to its basal cell, main axis 1-septate, tapering toward the apex, not constricted at the septum, apical cell 45-60 × 3.5-4 µm; doliiform basal cell with truncated base, 5-7 × 4.5-5 µm; branches cylindrical, slightly constricted at the base, aseptate, 37-45 × 2.5-3 µm.
Geographical distribution:-Cosmopolitan. Notes:-Triscelophorus monosporus is the type of the genus composed by eight species (Matsushima 1993) . The conidia of T. monosporus are similar to T. acuminatus Nawawi (1975: 346) , both have a slightly tapering main axis with doliiform basal cell, but in the latter, the axis is multiseptate, while in T. monosporus it is typically 1-septate (rarely with no septum). In Brazil, five species of Triscelophorus (Table 2) have been recorded, including T. monosporus from the state of São Paulo. Triscelophorus monosporus is a new record to the Caatinga. (Fig. 6D 
Key to species of Ingoldian fungi from Brazil
Discussion
Ingoldian fungi comprise about 320 species distributed worldwide. In Brazil, 85 taxa have been recorded from four out of six Brazilian biomes: Atlantic Forest (53 taxa), Caatinga (39 taxa), Cerrado (21 taxa) and Amazon (19 taxa) (Fig. 1) . The Atlantic Forest currently shows the highest diversity, which could be explained by both the number and the length of studies. Indeed, it had the highest number of studies (18, with 15 of them in the state of São Paulo), and they originated more than 27 years ago. On the other hand, the Caatinga had only five studies distributed in four states during just five years; the Cerrado biome was addressed in two studies (all in São Paulo state) since 1999; and the Ingoldian fungi from the Amazon were sampled in two studies (two states) only starting from 2014 (Figs. 8-9 ). Pampa and Pantanal biomes have not yet been sampled for the Ingoldian fungi (Fig. 8) . Bärlocher & Boddy (2015) argue that freshwater wetlands may be the hotspots of fungal diversity. Taking into account that the Pantanal biome is one of the largest continuous wetland habitats on the planet (MMA 2016), mycological expeditions to this area are critically needed. In the Atlantic Forest and the Cerrado, the Ingoldian fungi have been recorded from incubated submerged leaves or randomly collected leaf litter (Schoenlein-Crusius & Grandi 2003 , Schoenlein-Crusius et al. 2009 , while during the studies in the Caatinga and the Amazon, these fungi have been recorded from foam samples or incubated submerged leaves, leaf petioles and bark (Fiuza & Gusmão 2013a , Fiuza et al. 2015 . The differences in the techniques employed may have contributed to the ability to detect certain species of the Ingoldian fungi. For example, litter bag approach often employing leaf litter of a single type may negatively affect our ability to detect species with pronounced substrate specificities compared to studies relying on randomly collected naturally occurring mixtures of leaves from multiple tree species. While examining foam can quickly provide a reasonable snapshot of community structure based on spores of Ingoldian fungi in transport, this approach complicates fungal isolation into pure culture that may be sometimes necessary for reliable identification.
Among 85 taxa of Ingoldian fungi recorded from Brazil, 27 are unique to the Atlantic Forest, 18 to the Caatinga, 5 to the Amazon and 3 to the Cerrado (Fig. 1) . This can be explained by the unequal number of studies on Ingoldian fungi in these biomes as well as by biogeography (Figs. 8-9 ). However, some common species, such as Anguillospora longissima (Sacc. & P. Syd.) Ingold (1942: 402) and Flagellospora curvula are reported from all Brazilian biomes with relatively high frequency ( Table 2 ). These are cosmopolitan species that were previously often reported from other countries in both temperate and tropical climates (Shearer 1992 , Sridhar et al. 2010 , Sudheep & Sridhar 2011 ).
The present study that focused on the submerged leaves of C. brasiliense yielded three new records to Brazil and two new records to the Caatinga. Dendrosporomyces prolifer has been confirmed to have tropical to subtropical distribution, while Flagellospora stricta and Geniculospora inflata have been recorded just in the temperate regions until now.
Studies of the Ingoldian fungi in the Atlantic Forest have been conducted primarily in the urban areas (SchoenleinCrusius et al. 2015b) , where some water bodies experience eutrophication (Schoenlein-Crusius & Milanez 1989 , Schoenlein-Crusius et al. 2009 ). Nevertheless, some species reported from these impacted sites are also found in relatively pristine streams e.g. Anguillospora longissima, A. filiformis Greath. (1961: 202) and Flagellospora curvula (Fiuza & Gusmão 2013a , Fiuza et al. 2015 . On the other hand, Naiadella fluitans Marvanová & Bandoni (1987: 579) has been recorded just from Brazilian urban areas (Shoenlein-Crusius et al. 2015b) .
Brazil has many species of Ingoldian fungi that are also reported from other tropical countries such as Malaysia (Nawawi 1985b) and Puerto Rico (Santos-Flores & Betancout-López 1997) , and tropical to subtropical areas of India , Sudheep & Sridhar 2013 . These countries share genera like Condylospora Nawawi (1976 : 363), Flabellospora Alas. (1968a , Flabellocladia Nawawi (1985c: 174) , Ingoldiella D.E. Shaw (1972: 258) and Jaculispora H.J. Huds. & Ingold (1960: 475) , which are not common in temperate zones.
The studies of the Ingoldian fungi in Brazil in the last 13 years (after Schoenlein-Crusius & Grandi 2003) added 54 taxa to the list, which now contains 85 taxa. This demonstrates a drastic shift in our understanding of the diversity of the Ingoldian fungi in Brazil. However, there are still huge gaps in our data from many regions and totally unexplored biomes (Fig. 8) , requiring further studies on the biodiversity of the Ingoldian fungi and their potential application in biotechnology.
